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Abstract 
Autonomy for robots is one of the key requirement in any field robotic applications. Design and development of autonomous 
robots raises many challenges to the engineers and full autonomy for robots is still an unfinished job. In this key note address, 
some of the design challenges and implementation issues will be presented. Along with this, the design of an autonomous 
underwater robot for surveillance application will be presented as a case study.  
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1.0  Autonomous Robots  
 
Robots which can perform tasks without human intervention are termed as autonomous robots. However, the degree 
of autonomy depends on the tasks to be performed and fully autonomous robots are expected to have a very high 
degree of autonomy. An operating region defined by a set of parameters within which the system can decide and act  
on its own towards the goalset can be termed as the degree of autonomy. Robots with full autonomy are preferred in 
many applications such as space exploration, defence warfare etc. In order to have autonomy, the robot should be 
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capable of collecting information from surroundings, perceive the environment, localize itself, decide on actions, and 
execute the necessary motion. These steps are called Perception, Localisation, Cognition, and Motion Control [1].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 1: General Control Scheme for Autonomous Operation (adapted from [1]) 
 
Some of the challenges in implementation of autonomous operation are: 1. The real world is difficult to model 2. 
The level of uncertainty in sensing is very high 3. Unstructured environments will give inconsistent information and 
4. Computational requirements are very high.  Navigation, Guidance and Control are the three important modules in 
any robot that provides autonomy to it. The degree of autonomy depends on the capability of these three systems in 
achieving the four steps in autonomous operation mentioned earlier. The implementation of these three modules for 
an autonomous underwater robot [2,3,4] is briefly described in the following sections. 
 
2.0 Design of Autonomous Underwater Robot 
 
The general building blocks for an autonomous robot is shown in Fig. 2. For an autonomous underwater robot, 
the design of navigation, guidance and control systems is much more complex than its terrestrial counterparts as the 
robot has six degrees of freedom and most of the times the robot will be underactuated [5,6].   It is necessary to 
identify navigation sensors and systems to ensure that the vehicle position and orientations are continuously 
monitored and conveyed to the mission controller. Guidance algorithms for path planning and obstacle avoidance 
have been specifically developed for underwater robots [3,5].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Building blocks for an autonomous robot 
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As shown in Figure 3, the control system plays the important role of providing the necessary control forces to 
propel it towards its intended goal position. Thrusters and control planes provide the control forces. Design of 
controllers and control algorithms [4, 6] play a major role in achieving the desired targets without major deviations.  
 
 
Fig. 3 Implementation of autonomous control for underwater robot 
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